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FKDUDFWHULVWLFVWUHQJWKYDOLGIRUHOHPHQWVUHSUHVHQWDWLYHRIWKHVFDOHRIWKHSUREOHPXQGHUVWXG\W\SLFDOO\ODUJHUWKDQ
WKHVPDOOODERUDWRU\VSHFLPHQV>@1HJOHFWLQJWKLVVWHSJHQHUDOO\OHDGVWRRYHUFRQVHUYDWLYHHVWLPDWHVDVLWGRHVQRW
WDNHLQWRDFFRXQWWKHSRVLWLYHFROODERUDWLRQDPRQJFRQWLJXRXVHOHPHQWV7RFRQVLGHUWKLVDVSHFWWKH6WDQGDUG&RGHV
IRUJHRWHFKQLFDOGHVLJQHJ>@VXJJHVWWRFRPSXWHWKHIXOOVFDOHUHVSRQVHRIVWUXFWXUHVDVVXPLQJDPHDQUHVLVWDQFH
HVWLPDWHGRYHUDQXQGHILQHGUDQJHRIYDOXHV)RULQVWDQFH6FKQHLGHU>@FRPSXWHVWKHFKDUDFWHULVWLFYDOXH[NRIDVRLO
SURSHUW\DVWKHDYHUDJHYDOXHRYHUDQDSSURSULDWHVSDWLDOGRPDLQ,QKLVIRUPXODWLRQWKHYDULDWLRQFRHIILFLHQWRYHUWKH
YROXPHRIFKDUDFWHULVWLFOHQJWK/LVFRPSXWHGDFFRXQWLQJWKHGLIIHUHQWIDFWRUVRIXQFHUWDLQW\DV
ܥܱ ௧ܸ௢௧௔௟ ൌ ඥሺ߁ଶ ή ܥܱ ௜ܸ௡௛௘௥௘௡௧ଶ ൅ ܥܱ ௠ܸ௘௔௦௨௥௘௠௘௡௧ଶ ൅ ܥܱ ௧ܸ௥௔௡௦௙௢௥௠௔௧௜௢௡ଶ ൅ ܥܱ ௦ܸ௧௔௧௜௦௧௜௖௔௟ଶ ሻ 
ZKHUHīLVWKHYDULDQFHUHGXFWLRQIXQFWLRQWKDWDFFRXQWVIRUWKHVSDWLDOH[WHQWRIWKHJRYHUQLQJIDLOXUHPHFKDQLVP
GHILQHGDVWKHUDWLREHWZHHQWKHVWDQGDUGGHYLDWLRQVDYHUDJHGRYHUWKHJRYHUQLQJIDLOXUHPHFKDQLVPDQGWKDWPHDVXUHG
RQVPDOOVDPSOHV>@&29LQKHUHQWH[SUHVVHVWKHQDWXUDOYDULDWLRQDWVPDOOVFDOHLQKHUHQWWRWKHVRLOOD\HU&29PHDVXUHPHQW
LV WKH HSLVWHPLF XQFHUWDLQW\ VWHPPLQJ IURP LQDFFXUDWH PHDVXULQJ SRRU WHVWLQJ ORZ TXDOLW\ ZRUNPDQVKLS HWF
&29VWDWLVWLFDOLVWKHVWDWLVWLFDOXQFHUWDLQW\LQWURGXFHGGXHWROLPLWHGLQIRUPDWLRQRUVPDOOQXPEHURIWHVWVRUREVHUYDWLRQV
&29WUDQVIRUPDWLRQ LV FRQQHFWHG WR WKH PRGLILFDWLRQ RI PHDVXUHG ILHOG RU ODERUDWRU\ UHVXOWV E\ PHDQV RI HPSLULFDO
FRUUHODWLRQVRUWKHRUHWLFDOPRGHOVWRGHULYHVRLOSURSHUWLHVVXLWDEOHIRUGHVLJQ
,QVSLWHRIEHLQJORJLFDOWKHDERYHHTXDWLRQODFNVRIH[SHULPHQWDOYDOLGDWLRQDQGWKHGHILQLWLRQRIDSURFHGXUHWR
GHWHUPLQHWKHFKDUDFWHULVWLFYDOXHLVPLVVLQJWKHVHVWDWHPHQWVKROGLQJWUXHIRUERWKQDWXUDODQGWUHDWHGVRLOV7KHUHLV
WKHQHHGWRGHILQHWKHFKDUDFWHULVWLFYDOXHVRIWKHUHVLVWDQFHRIJHRWHFKQLFDOPDWHULDOVZLWKPRUHUDWLRQDODSSURDFKHV
SRVVLEO\PHDVXULQJWKHXQFHUWDLQW\UHODWHGZLWKWKHFKRVHQYDOXHV$LPRIWKLVVWXG\LVWRILQGDFULWHULRQUHVSRQGLQJ
WRWKHVHTXHVWLRQVIRUFHPHQWWUHDWHGVRLOV
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PDWHULDO SUHVHQWV D YHU\ ODUJH YDULDELOLW\ ZLWK FRHIILFLHQWV RI YDULDWLRQ RI  DQG PRUH $VVXPLQJ WKH VDPH
GLVWULEXWLRQZLWK WKH VDPHPHDQDQGVWDQGDUGGHYLDWLRQ IRU WKHVWUHQJWKRIELJJHU MHWJURXWHGHOHPHQWVZRXOGEH
H[FHVVLYHO\GHWULPHQWDOIRUWKHODWWHUZLWKWKHUHVXOWWKDWFHPHQWHGPDWHULDOZRXOGEHWRRZHDNWRSURGXFHDQ\HIIHFWLYH
UHLQIRUFHPHQW ,QGHHG ODUJHU MHW JURXWHG HOHPHQWV VKRXOG EH VHHQ DV IRUPHG E\ DVVHPEOLHV RI FOXVWHUV PXWXDOO\
FRRSHUDWLQJHDFKRWKHU+RZHYHULIVSDWLDOFRUUHODWLRQLVFRQVLGHUHGWKHYLFLQLW\RIZHDNHUVWURQJHUFOXVWHUVLQFUHDVHV
WKHGLPHQVLRQRIUHSUHVHQWDWLYHVDPSOHVDQGWKXV IRUDJLYHQGLPHQVLRQRIWKHHOHPHQW WKHYDULDELOLW\RIVWUHQJWK
EHFRPHVKLJKHU7KLVHIIHFWKDVEHHQFOHDUO\GHPRQVWUDWHGE\1DPLNDZDDQG.RVHNL>@ZKRIRXQGWKDWWKHVWUHQJWK
RIVRLOWUHDWHGE\'HHS6RLO0L[LQJYDULHVJUHDWO\HYHQLQDVLQJOHFROXPQLQDFFRUGDQFHZLWKWKHYDULDELOLW\RIWKH
LQVLWXVRLOSURSHUWLHV7KHVHUHVXOWVVXJJHVWWKDWWKHVSDWLDODXWRFRUUHODWLRQVKRXOGEHFRQVLGHUHGDOVRLQWKHFKRLFHRI
WKH GHVLJQ VWUHQJWK RI WKH MHW JURXWHG PDWHULDO 7KH 5DQGRP )LHOG WKHRU\ DOUHDG\ DSSOLHG LQ GLIIHUHQW ILHOGV RI
PHFKDQLFV HJ >@ EOHQGV DOJRULWKPVRI QXPHULFDO FDOFXODWLRQZLWK WKH VLPXODWLRQ RI YDULDELOLW\ WRSURYLGH D
UDWLRQDODSSURDFKWRWKHHVWLPDWLRQRIWKHPHFKDQLFDOEHKDYLRURIVWUXFWXUHVKDYLQJORFDOO\YDULDEOHFKDUDFWHULVWLFV
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WRDWULDOILHOGIRXQGDWLRQUHLQIRUFHGZLWKMHWJURXWLQJ>@6LPLODUO\WRPDQ\RWKHUFDVHV>@WKHVWDWLVWLFDODQDO\VLV
RIXQLD[LDOFRPSUHVVLYHVWUHQJWK)LJDUHYHDOVWKDWDORJQRUPDOSUREDELOLW\IXQFWLRQFDQEHLQIHUUHGDPRQJGDWD
7KLVUHVXOWDUHWKHQFRPELQHGZLWKWKHGLVWULEXWLRQRIWKHFRPSUHVVLYHZDYHYHORFLW\REWDLQHGRQWKHVDPHPDWHULDO
ZLWKFURVVKROHWHVWVDQGVRQLFWRPRJUDSK\WRTXDQWLI\WKHVSDWLDOYDULDELOLW\RIWKHVPDOOVWUDLQVWLIIQHVV)LJF,W
LVZRUWKQRWLQJWKDWVWLIIQHVVDQGVWUHQJWKRIMHWJURXWHGPDWHULDODUHFRUUHODWHGHDFKRWKHU>@DVWKH\ERWKGHSHQG
RQ WKH FRPSRVLWLRQ RU GHJUHH RI FHPHQWDWLRQ RI WKH PDWHULDO )LJ E )URP VRQLF WRPRJUDSK\ )LJ F WKH
H[SHULPHQWDO DXWRFRUUHODWLRQ IXQFWLRQ FDQ EH FDOFXODWHG LQ ERWK GLUHFWLRQV YHUWLFDO DQG KRUL]RQWDO DQG WKH
H[SRQHQWLDOIXQFWLRQFDQEHDGRSWHGWRPRGHOWKHREVHUYHGWUHQG)LJGDFFRUGLQJWRSDVWVWXGLHV>@
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G LV WKH JHQHULF GLVWDQFH EHWZHHQ FRXSOHV RI SRLQWV DQG ș LV WKH FRUUHODWLRQ OHQJWK HVWLPDWHG E\ WKH0D[LPXP
/LNHOLKRRG0HWKRG>@$SSOLFDWLRQRIWKLVPHWKRG)LJH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SURSHUWLHVDQGFRPSXWHWKHPHFKDQLFDOUHVSRQVHDWJLYHQVWUHVVHV7KHDGRSWHGFRQVWLWXWLYHPRGHOLVOLQHDUHODVWLF
SHUIHFWO\SODVWLFZLWK0RKU&RXORPEIDLOXUHFULWHULRQ:LWKUHJDUGWRIDLOXUHFRKHVLRQFLVDVVXPHGWRYDU\OLQHDUO\
ZLWKWKHXQLD[LDOFRPSUHVVLYHVWUHQJWKTX)LJDZLWKWKHFRQVWDQWRISURSRUWLRQDOLW\FRUUHVSRQGHQWWRDIULFWLRQ
DQJOHRI>@
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
$FFRUGLQJWRWKHH[SHULPHQWDOUHVXOWVWKH<RXQJPRGXOXV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DVVXPHGSURSRUWLRQDOWRWKHXQLD[LDOFRPSUHVVLYHVWUHQJWK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
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7KHȕYDOXHLVREWDLQHGIRUWKHSUHVHQWVWXG\FRPSDULQJWKHH[SHULPHQWDODYHUDJHYDOXHVRIWKHVWLIIQHVVPRGXOXV
DQG WKH XQLD[LDO FRPSUHVVLYH VWUHQJWK >ȕ (TX@ ,Q SDUWLFXODU WKH ILUVW LV REWDLQHG RQ WKH HQWLUH EORFN RI
PDWHULDOFHPHQWHGHYDOXDWLQJWKHSURSDJDWLRQYHORFLW\RIWKHFRPSUHVVLRQZDYHVGHGXFLQJIURPWKHVHWKHVWLIIQHVV
PRGXOXVDWVPDOOVWUDLQOHYHOVZLWKȞ DQGGHQVLW\ȡ NJP>@
ܧ௢ ൌ ߩ ௣ܸଶ ൫ଵିఔିଶఔ
మ൯
ሺଵିఔሻ   
7KHVHFDQWPRGXOXV(KDVEHHQFDOFXODWHGDVVXPLQJDVWUHVVVWUDLQUHODWLRQVKLSDSSUR[LPDWHGZLWKWKHFODVVLFDO
&KLQK\SHUERODZKHUH( ()URPWKHVHDVVXPSWLRQVDYDOXHRIȕ (TX LVGHULYHG
7KHXQLD[LDO FRPSUHVVLYH WHVWV DUHSHUIRUPHG LPSRVLQJYHUWLFDO VWUDLQ WRSDUDOOHOHSLSHG VSHFLPHQV FRPSUHVVHG
EHWZHHQWKHWRSDQGERWWRPULJLGVXUIDFHV,Q)LJXUHWKHSLFWXUHRIHTXLYDOHQWSODVWLFVWUDLQDWIDLOXUHREWDLQHGE\
WHVWLQJWZRVDPSOHVRIGLPHQVLRQV[[PFRQVLVWLQJRIHOHPHQWVFDQEHFRPSDUHGRQHKDYLQJXQLIRUP
PHFKDQLFDOSURSHUWLHV)LJDHTXDOWRWKHPHDQYDOXHVRIWKHGLVWULEXWLRQVWKHRWKHUKDYLQJYDULDEOHVSURSHUWLHV
)LJE,WLVREVHUYHGWKDWWKHILHOGRIGHIRUPDWLRQV\PPHWULFLQWKHILUVWFDVHDQGIXOO\GHWHUPLQHGE\WKHERXQGDU\
FRQGLWLRQVLVGHHSO\LQIOXHQFHGE\WKHLQKRPRJHQHRXVSURSHUWLHVRIWKHVDPSOHLQWKHVHFRQGFDVH7KHVWUHVVVWUDLQ
FXUYHV)LJFVKRZDQHODVWLFSHUIHFWO\SODVWLFEHKDYLRUIRUWKHKRPRJHQHRXVPDWHULDOEODFNFXUYHVLPLODUO\WRWKH
DVVLJQHGFRQVWLWXWLYHPRGHOZKLOHWKHKHWHURJHQHRXVPDWHULDOVJUD\FXUYHVXQGHUJRZLGHVSUHDGSODVWLFL]DWLRQWKDW
JLYHVK\SHUEROLFVWUHVVVWUDLQUHVSRQVHV)LJXUHDVKRZVWKHSDWWHUQRIHTXLYDOHQWSODVWLFVWUDLQDWIDLOXUHREWDLQHGIRU
DIL[HGFURVVVHFWLRQP[PDQGLQFUHDVLQJOHQJWKPPPPP7KHLQIOXHQFHRIVSDWLDOFRUUHODWLRQ
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6WDWLVWLFDODQDO\VLV
7KHLQIOXHQFHRIVDPSOHVL]HLVILUVWO\HYDOXDWHGIL[LQJWKHPHDQ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03DWKHVWDQGDUGGHYLDWLRQ03D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)LJ9DULDQFHUHGXFWLRQIXQFWLRQIURPDOOH[DPLQHGFDVH
&RQFOXVLRQ
7KHSHUIRUPHGDQDO\VLVFODULILHVWKHUROHRIVSDWLDOYDULDELOLW\RQWKHGHILQLWLRQRIWKHFKDUDFWHULVWLFVWUHQJWKRIMHW
JURXWHGPDWHULDOV6WDUWLQJIURPWKHVWDWLVWLFDOGLVWULEXWLRQRIMHWJURXWHGVRLOVWUHQJWKDWVPDOOVFDOHXVXDOO\RIORJ
QRUPDOW\SH)LJDWKHDERYHDQDO\VLVVKRZVWKDWDSURJUHVVLYHWHQGHQF\WRWKHQRUPDOGLVWULEXWLRQLVREVHUYHG
ZKLOH WKH GLPHQVLRQ RI VDPSOHV EHFRPHV ODUJHU )ROORZLQJ WKH W\SLFDO DSSURDFK VXJJHVWHG IRU GHVLJQ WKH
FKDUDFWHULVWLFVWUHQJWKFDQEHWKXVFRPSXWHGZLWKWKHIROORZLQJHTXDWLRQ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DQGWKHVWDQGDUGGHYLDWLRQ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SURSHUWLHVWKHODWWHUTXDQWLW\H[SUHVVLQJWKHVLPLODULW\RIFHPHQWHGVRLOSURSHUWLHVLQWKHVSDFH
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